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1 IDERTITY
1.1 MNomenclature

1,11 Valid neme

Penzeus duvorarum duorarum Burkenroad, 1939

1.12 Objective synonomy

Panseus duorarum "Form A", Burkenroad,
1939, Bull.Bingham ocesnogr.Coll., Vol.6,
p.1-62, 36 text-figs.

1.2 Texonomy

1.21 Affinities

Suprageneric (to family afbter Wabterman and
Chaoa, 1960)

Phyium Arthropoda
Clase Crustacea
Subclass Malacostracs
Series Bumalacostraca
Superorder BEucarida
Order Decapoda
Suborder Natantia
Section Penaeidea
Pamily Penaeidae
Subfamily Penaeinae

Generic

Genus Penseus Fabricius, 1798, Suppl.
Ent.Syst.: 385,408, Type species, by selection
by Letreille; 1810, Consid.gén.Anim.Crust.
Arachn.ins.1102,422: Penasus monodon Fabricius,
L1798, Suppl.Ent.Syst.:408. Gender: masculine.

Definition

Rogirum toothed dorsally and ventrally,
Carapace without longitudinal oy transverse
saturess cervical and orbito-antennal sulecl
and awtennal carinae always present. Hepatic
and antennal gpines pronounced, pterygostomial
angle rounded. Telson with deep median sulous,
without fized subapical spines, with or without
loteral movable spines. Mirst antennular seg-
ment without & spine on ventral distomedian
border. Antennular flagella shoriter than cara-
pace. Maxillulary palp with 2 or 3 sogmenis,
usually 3, Basial spines on let and 2nd pereio-
pods; exopods on lst 4 pereiopcds, usually
present on Sth. Potasme symmetrical, pod-like
with $hin medien lobes with or without distal
protuberancesy lateral lobes offen with thicken-
od ventral margin. Appendixz mesculina with dis-
el sogment subtriangular or oveid, bearing
numerous spines. Thelyoum usually with an an-
terior processy variable in shape,; lying be—
tween the ocoxme of 4Ath perelopods; with or with-
out lateral plates on sbernite XIV. Pleuro-
branchlae on somites IX %o XIV: a rudimentary
arthrobranch on somite VII, end a posterior

arthrobranch on sonite XITI; wmasitigobranchiae
on somites VII 4o XII. Zygocardiac ossicle
consisting of a principal tooth folleowed by &
longitudinal row of smallexr teeth which oiften
end in & cluster of minute teeth. Body glab-
rous. {(After Dall, 1957, slightly modified by
Péresz-Parfante. )

Specific

The holotype and syntypes of Penaeus duo-
rarum (1 male and 2 females) are in the Bingham
Oceanographic Collection of Yale University, New
Haven, Comnectlcut, U.S.A., catalogued B.0.C.
255 and 256, These gpeocimens were taken off
Alsbama, U.S.A., ATLANTIS Station 2813 in 37 m
of water on March 20, 1937 (Pérez-Farfante,

19697} .

The following diagnosgis of P. duorarum is
from Williams (1965): "Female with thelycum
composed of two broad lateral plates, and & meo-
dian plate. 7Posteromedian part of median plate
of adult with a well-=developed, short, longi-
tudinal carina extending anteriorly toward
roughly semicircular, concave aniterior portionm.
Lateral plates produced medially to meet in mid-
line, except variably divergent at enteromedian
corners, thus exposing carina of median plate.

", ..Potasma of male with distal ends of
distoventral lobes curved medially, not project-
ing free of distolateral lobes; exbernal edge
of disboventral lobes with 2 series of 2 %o 12,
usuvally 4 o 7, swall epinules; wedian or ab-
tached edge of distoveniral lobes with'a com—
pact group of 6 to 16 large, long, sharp, curved
gpines; fold of distolateral lobe rather small
and armed inconspicuously if ab all,"

For a key to the western Atlantic species
of the genus Ponaeus, see Pérez~Farfante (1969).

1.22 Taxonomic siatus

Penaeus duorarum is one of about 28 spe-
cies of the genus FPenasus. P. duorarum end the
closely related Penaesus brasiliensis Laireille
and Penacus aztecus Ives were considered o
gingle species (2, bragiliensias) before the tax-
onomic revigion based on morphological differ-
ences by Burkenroad (1939).

1l.23 Subspecies

Péroz-Farfante (1967) divided P. duorarum
into the subspecies P, duorarum duorarum and
P. duorarum notialis. The basis for the divie
sion was given by Pérez-Farfanite (1969) as folw
lowss "P. duorerum duorarum [fiom the northe
western Atlantic and fthe Gulf of Mexioo/ has the
dorsolateral sulous narrower than P, duorarum
notialis from the Caribbean Sea, the Atlantio
Coagt of South Americe, and Africa. Burkenroad
(1939) was %he first %o point out thim difference
between the two and caslled the former "Form A°,
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and the latter 'Form B', Biometric studies
have indicated a statistically significant dif-
ference in the ratio (X/S) of K (height of the
kesl) to 8 (width of the sulcus) bebtween those
populations,” X/S ranges from about 2.5 %o
15.5 (mode 4.5) in P.d.duorarum, and from 0.25
6 3.0 (mode 1.75) in P d.notialis. In addition,
the third pereiopod vig pr0portionately ghorter
in P. d. duorarum then in P. 4. notialig"
(Pérez«Farfanta, 1969). She noted turther that
"overlapping is very limited" and the two sub-
gpecies "do not seem to mix across the Gulf
Stream" (Pérez-Farfante, 1967).

Pérez~Farfante, therefore, equated P.d.
duorarum with Form A and P.d.notislis with
¥orm B, In %this synopsis, the discussion is re-
stricted to P.d.duorarum of the northwestern
Atlantic and GUIf of Mexico., Informstion con-
cerning P, duorarum, or Form A, from these geo~
graphic areas ls considered referable to P.d.
duorarum.

1.24 Standard common names, verné-
ocular names

Standard common

namess U.S.4,3 pink sghrimp
Vexlcos camarén rosado
Vernaculay 183 blue~tailed shrimp, brown

gpotted shrimp, chamnel shrimp, gress shrimp,
green shrimp, grooved shriwmp, hopper, jumbo hop-
per, pink grooved shrimp, pink night shrimp,
pink spobted shrimp, red shrimp, spot shrimp,
spotted shrimp, siipper (UeSers

Phe common name Ypink shrimp" in this syne-
opsis refers only %o the subspecies P.d.duora-
rum.

1,3 Morphology
1:31 External morphology

Figure 1 is a lateral view of an adult pink
ghrimp. The following description is from
Williams (1965). "Integument thin, polished,
translucent., Carapace with a median carina con-
tinuous anteriorly with rostrum and extending
nearly to posterior border of carapace flanked
on each side by a broad; rounded groove; pos—
$erior half of carina with a median longitu-
dinal groove; anterior half arcuate, highest
above orbit and with 9 or 10 sharp tseth; pos-
terior tooth remote from others, anterior 6 or
7 on rostrum proper. Lower margin of rostrum
with 2 40 3 teeth (oocasionally 1); +ip slen-
der; horizontal or direcited slightly downward,
unarmed. Anterlor margin of carapace with
strong antennal spine on carina extending baok-
ward nearly to well-developed hepatic spine.
Cervical groove extending halfway from hepatic
gpine to dorsal carina, A subhorizontal suture
below hepatic spine, and a groove extending from
near hepatic spine to near base of ocular pe-
duncle, An. orbital ridge behind eye.

fAbdomen wath segments four t0 gix cari-
nate, carina of sixth ending posteriorly in a
spine and flanked on each gide by a narrow
groove. Telson with deep median groove and
acuminate tip."

The color of pink shrimp varies with lo-
cality, diel period and age. Shrimp in coas-
tal areas of Florida are green, brown, or red-
dish; on the offshore Tortugas (Florida) and
Campeche (Mexico) grounds, colors range from
rale rose to deep pink (Idyll, 1964). Along
the northern eoast of the Gulf of Mexice, le-
mon yellow is commopn (Anderson, 1962)., Day-
night color differences were observed in mouth
Texas; at sunset, sbrimp became bright red
(Hoese of al., 1968). Juveniles and young
adults are gray, reddish brown, or bluish gray,
and older individuals are ved, pinkish, blue
gray, or almost white (Williams, 1965). A
spot { gray, blue, purple, red, or brown) ney
or may not be present at the pleural junchbure
of the third and fourth abdominal segments
(Anderson, 19623 Williams, 1965).

The morphology of pink shriwmp changes
during growbth. Several parts and appendages
become shorter in proportion to the carapace
lengthsl this break is distinet in females ak
about 108 mm total length2 and in males et
about 96 mm total length (Drucker, 1960).

Willieme (1965) reportsd the rostrum Ho be
"relatively shorter and deeper in old indivie
duals than in young ones., It extends to the end
of ‘the basal antermular article in average-sized
adults.”

(See also 1.21, 1,23, and 3.11.)
1.33 Proteln specificlty

Leone and Pryor (1952), who made serologi-
cal comparisons of +the blood proiteins of three
species of shrimp - pink, brown (Peneeus aztecus
Ives), and white (Penaeus sebiferus (Lannaeus))
- from Horth Carolins, placed pink and browmn
shrimp closer %o each other than either is to
the white shrimp. Serological differences sup-
port the theory that bthese three species are
distinoet but closely relaked.

lgarapace length is & head-length measurement
taken from the orbital notch inside +the oy
bital spine, in a line parallel 4o the
lateral rostral sulous, 4o the posterior
mergin of the cephalothorax.

2Potal length is measurement teken from $he +ip
of the rostrum to the tip of the telson with
abdominel segments exbtended in a siralgh
line.
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Flg, 1. Ponaecus duorarum duorerum Burkenroad, 1939.
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2:1

2 DISTRIBUTION
2,1 Total area

The world distribution of P.d.duorarum
(Fig.2) is restricted to the northwestern At~
lantic and the Gulf of Mexico {Atlantic, N.W.
-~ ANWy; Atlantic S.W. — ASW) - see Pérez~
Parfante (1969). This subspecies inhabits
coastal waters of land areas 240, 230, and
311 of the FAO dimtribution code {(Holihuis
and Rosa, 1965). P.d.duorsrum is found in
Bermuda and along the Atlantic coast oif North
Americe from lower Chesapsake Bay fo mouthern
Plorida, and into the Gulf of Mexico. The
range exbtends along the Gulf coast into Mexi-
can coastal waters and terminates slightly
south of Cabo Catoche at Isla Mujeres (Pévrez-
Farfante, 1969). P.d.duorarum, as Form A,
was also found at the Doublseheaded Shot Cays
in the Straits of Florida (Burkenroad, 1939).

P.d.duorsrum ie wost plentiful where the
Continental Shelf is broad and shallow, and
where coastlines are characterized by shallow
bays and estuaries. Highest concentrations
are in the eastern and southeastern Gulf of
Mexico, adjacent to the Florida and Yucatén
Peninsulas.

2,2 Differential distribution

2.21 Spawn, larvae and juveniles

Pink shrimp spawn offshore. The
demersal eggs were found from about 10 to
64 km off the west coast of Florida in 4-
to 38~ m depths (Eldred et al., 1965). The
distribution of eggs on the Tortugas Shelf
(Florida) was not observed direotly, but the
spawning grounds, determined from larval
distribution, ranged from 15 to 48 m in
depth (Jones et al., in press). Spawning
was year around and the oenter of aotivity
and intensity varied seasonally.

"After hatching, the larvae are planktonio
end move shoreward, apparently following an
indireot route determined by ourrentzs {Munro,
Jones end Dimitriou, 1968), Newly hatohed
larvae had their greatest abundance in the
spawning area on the Tortugas Shelf, whereas

stlarvae were abundant near the coast
fgones et al., in press), Postlarvae enter
gouth Florida estuaries throughout the years
the greatest numbers were taken in spring,
summer, and autumn (Roessler, Jones and Munro,
1969; Allen, Hudson and Costello, MS). In
other areas studied, the annual influx of
postlarvae was similar to that in south
Florida, but generally more restricted

(Bearden, 19613 Joyoe, 19653 Eldred et al.,

19653 Copeland and Truitt, 19663 Christmas,
gunter and Musgrave, 19663 Williams, 1969).
In North Carolina, for example, Williams
found that postlarvae usually enter the eg-
tuaries from May through November.

Juvenile pink shrimp inhabit coastal
bays and almo estuaries that penetrate
deeply into the mainland (Williams, 1955ap
Tabb, Dubrow and Jones, 1962; Joyoe, 1965).
They also have been found in the Gulf of
Mexioo west of Key West, Florida, in the

ragsy shallows near the Marquemas Keys
?Ingle et al,, 1959). Acoording to Eldred
1962), "Very small individuals prefer the
very shallow, proteoted, relatively oalm
areas near the shore...." They occur yeayr
around in Tampa Bay, Florida, where numbers
are greatest in the summer and autumn
(Eldred et al., 1961), A similar seasonal
digtribution was noted in Florida Bay
(Costello, Allen and Hudson, MS), and in
North Cavolina estuaries (Williems, 1955a).

As juvenile pink shrimp grow, they
move gradually into deep water (Iversen and
Idyll, 1960), Juveniles and young adults
(58 to 101 mm total length) marked and
released in northeastern Florida Bay in 2 m
of water appeared; within a few months, as
adults (87 to 155 mm total length) on the
Tortugas grounds in depths of 17 to 44 m
(8llen and Costello, 1966),

(See aleo 3,230)
2,22 Adults

A few pink shrimp remain in asouth
Floride estuaries after they become adulis,
but most move offshore (Iversen and Idyll,
1960 Allen and Costello, 1966), The size
of shrimp on the Tortugas grounds inoreases
with depth (Iversen, Jones and Idyll, 1960)
and the greatest conoentrations are between
9 and 45 m (Kutkuhn, 1962a), These shrimp
gre rare at depths greater than 51 m
(Hildebrand, 1955), but a few have been
taken at depths to at least 110 m and
specimens of P, duorarum, subspecies
unknown, were oaught at depths a8 great as
366 m off the western edge of the Great
Bahama Bank (Anon., 1961; 1962).

The biomass of Tortugas pink shrimp,
generally, is least in the spring and
summer and greatest in the autumn and early
winter (Kutkuhn, 1962a), Annual fishable
biomass from 1956 to 1959 was fairly
uniform, but with a slight downward trend,

(See also 4.22, 4.24, and 5,31)
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2.3 Determinants of distribution ohanges

The distribution of pink shrimp may be
limited by salinity, temperature, and substrate
(Williams, 1965). Details of these and add-
itional faolors are given here.

Temperature: Spawning temperatures (mee
3,16) are apparently oritioal and may deter—
mine area of spawning and subsequent distribu-—
tion of shrimp populations (Eldred et al.,
1961), In North Carolina estuaries, the
majority of samples containing postlarvae
were oolleoted at water temperatures between
23° and 28° ¢ (Williams and Deubler, 1968),

Temperatures required for survival of
pink shrimp may vary with locality., In North
Carolina estuaries, juveniles have been
oolleoted in water temperatures ranging from
4° to 34° ¢ (Williams, 1955a). These shrimp
beoame narootized by the oold at 10° C
(Williams, 1955), and in severe winters most
of the shrimp population in estuaries may
" die (Williame, 1965), Death oaused by low
temperatures may be relatively unimportant
in the warmest parts of the speoies range
beoause none has been reported. In Florida,
shrimp have been oolleoted within the range
10° to 35.%° C; ith.s were narootized at 13.3°
C (Eldred et al., 1961). These authors stated
that juveniles move into deep water with the
onset of oold weather,

Mortalities attributed to high temper-
atures have not been veported.

Salinity: Salinity requirements or
preferenoces vary with geographio area and
shrimp size, Minimum Balinities assooiated
with pink shrimp, (irrespeotive of size) are
as follows: '"no measurable salt (using stand-
ard hydrometers)" in the Florida Bay area
(Tabb, Dubrow and Jones, 1962); less than
1.0°/oo in the Caloosahatohee Estuary, Florida
(Gunter and Hall, 1965); 0.64°/oo in a north-
east Florida estuary (Joyoe, 1965); and 2.7°/o0
in Mesquite Bay, Texas (Hoese, 1960). Maximum
salinities reoorded for waters with pink shrimp
are 60°/oo in the Upper Laguna Madre, Texas
éSimmons, 1957), and 70°/oo in Florida Bay

Tabb, MS), Tabb, Dubrow and Jones (1962)
caught postlarvae in the Florida Bag area

at salinities ranging from 12 to 43°/oo,
juveniles at salinities of about O to 47°/oo
and adults at salinities of 25 to 45°/o0.
Where adults are oonoentrated on the Tortugas
grounds, salinities range from about 36 to
38°/00 vaersen and Idyll, 1960).

Juvenile pink shrimp oan survive in
waters having & wide salinity range; although
optimum salinities may be relatively high as
compared with those of white and brown shrimp
(Gunter, Christmas and Killebrew, 1964),

Young pink shrimp tolerate low salinities
(Burkenroad, 1939) but not for extended
periods of time (Joyoe, 1965). They were
most abundant in Texas bays at salinities
higher than 18°/oo (Gunter, Christmas and
Killebrew, 1964) and in Florida Bay at
salinities from 30 to 50°/oo (Tabb, MS),
Observations oonoerning distribution were
summarized by Hildebrand {1955) who con-
oluded that juvenile pink shrimp "prefer”
galinities of 20°/oo or more.

Values of temperature and salinity
gshould be oonsidered together in evaluations
of the effeots of either faotor on pink
shrimp. Williams (1960) reported that the
survival of shrimp at low temperatures is
best at moderate to high ealinities, Joyoe
(1965) noted that "The ability of shrimp
to withstand low salinities appears to
depend uvpon several faotors...'" whioh
inolude temperaturse and perhaps the oon-
oentration of oalscium ion,

Currents: The distribution of pink
shrimp may be controlled to a great extent
by ourrents. Concerning larvae spawned on
the Tortugas grounds, Munro, Jones and
Dimitriou (1968) reported: "dispersal may
be effeoted primarily by the ourrent whioh
leaves the Tortugas area through Rebeoos
Channel, and enters the Florida Current in
the Florida Straits., Entry into the Florida
Current would result in rapid transit to
the area adjaoent to Florida Bay." The
movement of postlarvae to estnarine wafers
is effeoted by inflowing ourrenis (Idyll and
Jones, 1965; Copeland and Truitt, 1966;
Hughes, 1969). ' Juvenile pink shrimp.in
North Carolina estuaries oonoentrate near
inlets where tidal ourrents are moderate
(Williams, 19552), In south Florida waters,
some Jjuveniles "move seaward on the ebb
tides and baok into the bays on subsequent
flood tides" (Tabb, Dubrow and Jones, 1962),
Juveniles migrating to sea are carried by
ebbing currents (Burkenroad, 1949; Copeland,
19253 Beardsley and Iversen, 19663 Hughes,
1969)«

Substrate: The distribution of pink
shrimp follows olosely that of sand, shell-
sand, or ooral mud substrate (Williams,
19655. The importance of substrate type,
however; as related to food,; oover, or some
less obvious faotor has not been established.
Williams (1958) reported that young pink
shrimp in North fCarolina estuaries are
"oonfined largely to areas near the sea
where the bottom is oomposed of ooarser
materials." He noted that pink shrimp
oan burrow into extremely ooarse substrates,
and in laboratory experiments, learned that
subadults prefer shell-sand and loose peat
substrates. Adults prefer oaloarsous
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sediments but do vcour on hard sand bottoms
"purtioularly in non-turbid waters" (Hildebrand,
1955},

Soagrasses: The assooiation of juvenile
pink shrimp with seagrass has been noted by
many investigators, including Hildebrand (1955},
Hoodourn et 2l, (1957}, and Tabb, Dubrow and
Menning {19627, Eldred (1962) reported that
in insghors waters, small juveniles wers near
ghore in beds of shoal grass, Diplantheras
wrightii, and the large Juveniles were in
deepsy waters in turtle grass, Thalagsia
testudinum, Hoore (1963) observed that turtle
grags ig & suitable habitat for many organisms

that may serve as food for shrimp, The geo-
graphioc distribution of pink shrimp may follow
closely the distribution of seagrasses. ao~—
cording 0 Hoese and Jones (1963), who noted
$hat there are no pink shrimp fisheries near
areas where seagrasgses are rare or absent,

Environmental changee ocan alter growth of
seagrasses and affect associated organisms,

‘whioh include young pink shrimp {Tabb, Dubrow

and Menning, 1962), Destruction of seagrass

beds by dredge-and~-f£ill operatione has elim-

inated nureery areas for pink shrimp irn Tampa
Bay, Ploride {Saloman, 1965),
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3 BIONOMICS AND LIFE HISTORY

3.1 Reproduotion
3,11 Sexuality

Pink shrimp are dioeoious. Hermaphro-
ditism has not been reported, Males are
distinguished from females by the presence
of the male sex organ, the petasma, between
the lst pair of pleopods., On the female, the
distinguishing external organ, the thelycum,
lies between the 4th and 5th pairs of pereio-
pods. Figure 3 illustrates the petasma and
thelyoum,

Female shrimp attain a greater size than
males, Williams (1955) reported: "There
is a sex size disparity in adult P, duorarum
whioh is statistically significant at mean
total lengths which exoeed 100 mm." The
largest female reported was 280 mm total
length (Eldred, 1958); the largest male was
43 mm oarapaoe length or about 197 mm itotal
length (Iversen, Jones and Idyll, 1960), 1In
large pink shrimp, females have a greater
oarapaoe length than males of the same total
length (Kutkuhn, 1966),

Jol2 Maturity

Female pink shrimp may become sexually
meture at 85 mm total length and males at
74 mm (Bldred et al,, 1961). At these lengths,
estimated weights-TKutkuhn, 1966) are about
5.2 g for females and 3,5 g for males.

The degree of sexual maturity in female
pink shrimp hae been described by Cummings
(1961) as follows:

Undeveloped stage: Ovaries flaocid,
small and transluoent
Developing stages Ovaries flaccid,
larger than in
undeveloped stage,
and white to pale
arange buff ooclour.

Nearly ripe stage: Ovaries slightly
turgid, large, end
glauncous oolor.

Ovaries same as
nearly ripe stage,
ova with peripheral
rod-like bodies,

Ripe stage:

Males "with joined endopods and gperma-
tophores with spermatozoa™ are considered
sexually mature (Eldred et al., 1961),

(See also seotion 4.12.)

3,13 Mating

No observations desoribing copulation
are published, but it may ocour several
times during the life of a female (Idyll,
1964); this multiple oopulation would
indicate that pink shrimp are promisocuous,
Sperm transfer probably is between a hard-
shelled male and a recently molted female
(Cummings, 1961).

3,14 Pertilization

Idyll (1964) desoribed fertilization in
pink shrimp., "Fertilization is external,
The male attaches a spermatophore to the
underside of the abdomen of the female.ooo

"Females bearing spermatophores are in
various stages of sexual development, The
spermatophores are shed at ecdysis.

“The genital pores of the female open
at the basmes of the third pair of pereio-
pods., After the eggs pass through these
porea they are fertilized by the sperme—
tozoa storad in the thelycum.®

3615 Qonads

Cummings® (1961) report that ovary
weight increased with shrimp size suggests
that large females produce more egge than
smaller ones, The number of eggs produoed
per spawning is unknown, but a female of a
related speoies—=—a white shrimp 172 mm
total length--contained about 860,000 °
eggs (Anderson, King and Lindner, 1949),
Pink shrimp probably produce a similay
number of eggs during one spawning, and
Cumnmings (1961) indicated that they may
spawn move than onoce during their lifetima,

3,16 Spawning

The ratio and distribution of mexzes
of adult pink shrimp on the spawning
grounds may vary seasonally (Broad, 1951,
Iversen, Jones and Idyll, 1960),

The looation of the spawning ground
on the Tortugas Shelf (Florida) was given
by Jones gt al. (in press). The oenter of
spawning shifted with the movement of adult
shrimp from shallow to deep water as winter
approached (Munro, Jones and Dimitriou,
1968), Eldred et al, (1965) reported that
offshore from Tampa Bay, Florida, the
location of intensive spawning varied from
one year to the next,

Several environmental faotors may
influence spawning. Pink shrimp spawn
throughout the year on the Tortugas Shelf
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but lzrval abundance is highest in the spring,
gummer and autumn and lowest in the winter
(Jones et al., in press), In the more
northerly parts of the range, the spawning
season may be shorter than in the southern
porbion (Willians, 1965; Joycs, 1965).
Cummings (1961) noted a positive ocorrelation
hetween temperature of boittom water and the
scourrence of ripe shrimp on the Tortugas
grounds, Shriwmp spawn on the Tortugas grounds
betwsen 19,6° and 30,6° ¢ (Jones et al., in
pr@ﬁ%); aotivity is maximum during the period
of highest bottom water temperatures (Munro,
Jones and Dimitriou, 1968). Eldred et al.
(1965), however, found evidence that pink
shrimp spawn at temperatures as low as 16,1° C
and stated that "a rising temperaiure is the
important factor in triggering spawning ceso”
On the Tortugas grounds, most spawning was
during the waning moon (Munro, Jones and
Dimitriow, 1968). Spawning in the laboratory
was "always in the very early hours of the
morning” (Bwald, 1965).

The female shrimp releases the fertilized
eggs freely into the water where they sink
slowly %o the bottom (Idyll, 1964).

Joyoe (1965) showed that where pink,
white and brown shrimp ococurred together off
the northeast coast of Florida, spawning times
overlapped during the warm months of the year.
Brown shrimp begin to spawn in February,
white shrimp in April, and pink shrimp in May.

30,17 Spawn
Viable eggs measure from 0.31 %o 0,33 mm
in diameter (Dobkin, 1961), They are opague
end yellow-brown and the chorion shows &
blue hue under oertain light reflections.

The specific gravity of fertilized eggs
is slightly greater then water (Idyll, 1964).

3o2 Pre—sduld phase

3,21 Embryonic phase

The embryos develop in the fertilised
eggs that are extruded in the water. There
is no parental cave,

Dobkin {1961) provided a photomicrograph
of eggs in several stages of development, and
noted that development of pink shrimp may
be similar to that of Penasus japonicus as
summarized by Pearson (1939).

Dobkin {1961) desoribed hatohing as
followss "Prior bto its emergence, the
nauplius  oves its appendages convulaively
at shert intervals, After the furcal spines
puncture the egg membrane, the nauplius
smerges, posterior half first, by pushing

againgt the membrane with the first antennae
Emergence from the egg requires 2 to 3 min-
utes."

3022 Larval phase

The larvae of pink shrimp were dem=
cribed by Dobkin (1961) who noted 5
nauplial stages, 3 protozoeal stages,
and 3 mysis stages. Figure 4, taken from
Dobkin, shows a 4th nauplius., He reported
size of larvae inm total length as follows:
nauplii, 0.35 %o 0.61 mm; protozoeae, 0,86
to 2.7 mm; and myses; 2.9 to 4.4 mm.

Development time of the various stages
in the laboratory was reporited by Ewald
(1965), He noted that the number of mysis
stages and the length of larval life varied
with water temperature and cbserved that
"Pink shrimp reared at 26° C took a minimum
of 15 days to metamorphose whereas those
at 21° C took 25 dayBccoa"

Nauplii subsist on yolk granules in
their bodies, and active feeding begine in
the 1st protozoesl stage (Dobkin, 1961
Ewald, 1965). In the laboratory, larvae
were fed a mixture of unicellular algae
and marine yeast supplemented, in the 3rd
mysis stage, with nauplii of brine shrimp
(Artemia),

Larvae reared in the laboratory
survived better in Gulf Stream water than
in water from Bisoayne Bay, Florida {Bwsld,
1965}, Survival rates of larvae on the
Tortugas Shelf vary little and average 83
peggint per day (Munro, Jonez and Dimitriou,
19 o

3,23 Adolescent phase

The postlarvas of pink shrimp were
described by Dobkin (1951); methods for
their identification were provided by
Williame (1959), Ringo and Zamora (1968),
and Chuensri (1968). The smallest postlarva
reporied from plankion by Dobkin was I8 mm
total length; the smallest reared in the
laboratory by FEwald (1963) was 2.9 mm.

Ewald reported that ithe postlarvas reared
at the lowest temperatures were smallest,

Early postlervae are planktonie in
offshore waters (Jonss gt al., in press).
The more advanoced ones enter the estuaries
at about & mm total length {Copeland and
Triditt, 1966; &ilen, Hudson and Costello,
M8}, although size at entrance varies with
season (Matias, 1966) and aves (Tabb, Dubrow
and Jones, 1962), They become benthis at
about 1C mm and concentrate in shallow
water where cover is adequaie, Hers, they
develop into juveniles, and density of
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Pig., 3 Sex orgsns of Penagus duorerum duorarum,
A. Petesma of male, 125 mm total length (right lateral view)
B, Thelyoum ~f fomale, 125 mm totzl length (ventral view)

0.} mm

Fig. 4 A ventral view of a 4th nauplius of Ponaous duorarum duorarum.
{From Dobkin, 1961)
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individuale may exceed 32 per m? (costello,
Allen and Hudson, MSJ),

Juwenile shrimp are more robust than
pesilorvae and have proportionately shorter
6th ebdominal pegmenie, Methods for identify-
ing juveniles were given by Williams (1953).

Piak shrimp, as juveniles and adults,
apend from about 2 to at least 6 mo in the
shaliow nursery areas (Costello and Allen,
18686), but as size inoreases, they move grad-
ually toward deep waters, When shrimp migrate
from the estuaries to the offshore waters,
they average about 95 to 100 mm %otal length
(Joyc@s 1965), Size at emigraiion, however,
varies with season and area (Iversen and Idyll,
19603 Eldred e% 2l., 1961; Tabb, Dubrow and
Jonem, 1962; Copeland, 1965).

(See almo 2,3,)

3,3 Adult phase
3.31 Longevity
(See 4.12,)
3.32 Hardiness

Juvenile and adult pink shrimp are hardy
animals oapable of tolerating rough handling
without excessive moritslity (Costello and
Allen, personal observations). They may be
taken in trawls from depths of 9 o 35 m,
held in tanks at the surface, and returned
to the bottom without undue loge. Cosisllo
(1964) noted, however, the importance of
meintaining water temperatures below about
24,0° ¢ when helding them in tanks,

When pink shrimp are trangported in
vyucks in the live bait indusiry, lavge
volumes of aiy are pumped into the watere
Under thess oonditions, they do not perish
from sir ewbolism due to excess bubbles in the
water, When held in bait tanks, pink shrimp
are movrs hardy than white shrimp and less
hardy than brown shrimp (De Sylva, 1954).

like other orustaceans, pink shrimp are
dslicate immediately Following ecdysis.

3,33 Competiiors

Burkenrcad (1939) suggested thet pink
ghrimp are in interspecific competition with
brown shriwp and Caribbean brown shrimp,
Penneus brasiliensis, He proposed that juv—
enilee of thesse species had optimum salinity
requirens ig which determined species dominancs
by ares.

Gompetition between pink shrimp and other

?@ﬂ&@iﬁ species has been discusped by Williame
{1935}, Hildebrand (1955}, and Joyece (1965
Thess investigators sencluded that in the
sntuarien

s ¥Yariations in habatatg ocoupied

by the different species in respeot to BiLZG
and season probably reduce competition,
Offshore, pink and white shrimp sometimes
oocur al the same depths, Differences in
substrate preference, food, and diel
behaviour, however, probably reduce compe-
$ition there also (Hildebrand, 1955).

3.34 Predators

Fighes that prey upon pink shrimp
undexr natural conditions include: snook
Centropomus undeoimalis (Marshall, 19585;
gpotted seatrout, Cynoscion nebulosus
(Moody, 19503 Tabb, 1961; Stewart, 1961);
mangrove oy gray snapper, Lutjanus griseus
$Croker, 1962); toadfish, Opsanus bela

Woodburn et al., 1957); red drum, Sciasenops
ocellata (Yokel, 1966); and blue oroaker,
Bairdiella batabans (Robins and Tabb, 1965),
We have found pink shrimp in the stomaochs
of king mackerel, Soomberomorus oavalla,
and mutton snapper, Lutjanus analis
(unpublished observations), Costello and
Allen (1962), in tank experiments, found
mangrove snapper, red grouper (Epinephelus
morio), and black grouper (Mycteroperoca
bonaoi} predacious on pink shrimp, Undoubt-—
edly, many fish not listed here prey upon
pink shrimp, ‘

Birds, mammals, and reptiles that inhab-
it shallow estuaries are probably predators
of pink shrimp, but this matter is poorly
docunmented,

We have observed that pink shrimp react
in two ways when atiacked by predators: (1)
backward movement to svoid contact is aco-
omplished by rapid contractions of %ths
abdominal muscles and sweeping of the uropods
and (2) $he shrimp seek shelier of any kind,

3,35 Parasites, diseases; injuries
and abnormalities

The following parasites and diseases
have Deen rvecorded in pink shrimps

Clages Bubacteriaes: Pgeudomonas mp,
Psgudomgnas was listed by Hutton (1964)
ag & parasite in shrimp along the Florida
west coast.

Class Telosporidsa: (Cephalolghus
penasus Kruse, 1959, This gregarine was
isclated from the digestivs tract of shrimp
(Kruse, 1959), Kruse found 20,8 percent of
a mample infected with this parasite, It is
found in numercus Florida localities (Hutton,

1964,

Nematopelis panaeus Sprague, 1954. fhe
young Torms of this gregarine were lsolated
from the intestine of shrimp (Xruss, 1959).
It oscurs in numerous Floride localitias
(Hutton, 1964).
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Claes Cnidosporidea: Thelohania sp,
paragiie oocours in musoles and body organs.
Kruse (1959) reported 1,9 percent infection
in 784 pink shrimp examined, and considered
this organism to be a2 cause of the “cotton®
or "milk" oondition whioh makes shrimp
unacoeptable for marketing in the United
States, TFound in Alligator Harbor and Apslachi-
cola Bay, Florida.

This

Thelohania duorara Iversen and Hanning,
1959, ‘Body muscle fibers and lege of shrimp
are infeoted by this organism which causes
& milky oolor. The inoidence of infection
is low (Iversen and Manning, 1959}, but it is
found in numerous Florida looalities (Hutton,

1964).

Nosema nelsoni Sprague, 1950, This
organism, isolated from the body musole tissue,
causes B cotton or milky appearance of shrimp
flesh, It has been reported in shrimp from
Boca Ciege Bay, Floride (Hutton et al., 1959).

Epistylis @sp. This oiliate was isolated
from shrimp in numerous Florida localities
(Hutton, 1964).

Class PTrematoda: Parorchis sp., (tentative
identification), A metacercaria was taken
from one shrimp from Tampa Bay, Florida (Hutton
&t 8l., 3959)

Jiorophallus pysmeeus (Levinsen, 1881)
Baer, 1943, Metacercariae of this trematode
were found in shrimp from numerous Florida
localities (Hutton, 1964),

Opecoelodes fimbriatus (Lintonm, 1934),
Metaceroariae were found in the hepato-pancreas,
onads and other soft tissues of shrimp
Hutton et al., 1959). This trematode oocours
in numerous Florida localities (Hutton, 1964).

Class Cestodas Polypocephalus sp,
(=Parataenia sp.), This cestode is found in
shrimp from numerous Florida localities (Hutton,

1964),

Prochristianella penaei Kruse, 1959.
This organism was isolated from the digestive
gland and tissues that surround the digestive
gland and stomach. This is probably the most
sommon helminth parasite of vink shrimp. In
& eample of 137 shrimp, Kruse (1959) reporied
97 peroent infeoted, It is found in numerouns
Florida looalities (Hutton, 1964),

Parachristianella monomegacantha Kruse,
1959, This parasite was isolated from the
digestive gland. The incidenoe of infeotion
in extirvemely low (Kruse, 1959), but it is
found in numerous Flerida localities (Hutton,

1964),

Paraghristianella dimegacantha Kruse,
1959, This parasite, recovered from the
digesiive gland, occurs infrequently
(Kruse, 195%), but it is found in numerous
Florida loocalities (Hutton, 1964).

Class Nematodas Contracaecum habena
(Linton, 1900) Linton, 1934. Immature forms
were taken from the hepato-pancreas, pylorioc
gland; cephalothoracic musoulature, testes,
and ovaries., Incidence of infeotion was 11
percent (Hutton, Ball and Eldred, 1962),

It is found in numerous Florida loocalities
(Hutton, 1964),

Pink shrimp are intermediate hosts for
the trematodes, cestodes, and nematodes
listed above.

Class Hexapoda (Insecta): An unidenti-
fied larve of the fawily Sarcophagidas was
fioted in the terminal ampoule of one
specimen canght in Tampa Bay, Florida
(Hutton and Eldred, 1958),

34 Nutrition and growhh

3.41 Peeding

Feeding habits of pink shrimp were
determined from analyses of stomach contenin
by Eldred et al., (1961), Pink ghrimp are
bottom feeders, and juveniles and young
adults feed primarily in shallow waters
where marine plants grow., Although most
feeding is at night, shrimp may feed in the
daytime when the water is turbid,

Feeding varies seagonally, Sastrakus-
umah (1970) reported that feeding aotivity
of juveniles in south Florida was minimal
in the late winter and summer, and highest
in September., Eldred et al. (1961)
suggested that shrimp feed more in the
summer than in the winter,

3,42 Food

Idyl1l (1964) reported that pink shrimp
are omnivorous and also ingest inorganio
detritus,

Ewald (1965) found that mioroplankion
was suitable food for early larval stages
reared in the laboratory., Advanoed larval
stages and postlarvae were fed nauplii of
brine shrimp (Artemia), and microplankton.

Sastrakusumeh (1970) reporied that
orustaceans and polyohaetes are the main
foods of juvenile pink shrimp in mouth
Florida waters, He deteoted no difference
in diet soasonally, or between small and
large specimens,
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Bldrved et 8l. (1961) recorded the follow-
ing items from stomachs of juvenile and adult
ghrimp from the Tampa Bay, Florida, area: sand,
debris, algae, diestoms, seagrass particles,
dincflagellaten, foraminiferans, nematodes,
polychaetes, ostracods, copepods, mysids,
isopods, amphipods, caridean shrimps, caridean
oggs, mollusks and fish soales,

Williams {1955) and Broad (1965) listed
foods in shrimp stomacha, but these listm
include items ingested by several species of
Fenaeua,

3.43 OGrowth rate

Growth rates have been oaloulated or
egtimated by a number of authors. Thepe rates
are reported as inoreases in weight or lenghh
per wnit time, Length frequently ims given as
either carapace length or toital leangth. Growth
of larvae and postlarvae was observed under
laboratory conditions, Estimates of growth
rates for juvenile and adult shrimp are basged
on moerking (release~recovery) data, and on
length-frequency distributions., TFor conver-
gions of various sise measurements, see 4,13,

Rates of growth, as meagured by length
inoreases, vary with size and sex (Iversen and
Jones, 1961) and water temperature (Williams,
1955 Teinsongrusmee, 1965), As larvae, pink
ahrimp inorease their total length from about
0,38 mm (nawplii) to 4,1 mm (postlarvee) in
2 %o 3 wk (Dobkin, 1961; Bwald, 1965), Estimat—
es of juvenile growth range from about 7 to
52 mmn total length per mo (Williams, 1955
Costello and Allen, 1959; Costello and Allen,
1961; Fldred et al., 1961; Tabb, Dubrow and
Jones, 1962), whereas monthly increments of
subadult and adult shrimp range from 0 to
ebout 22 mm (Costello and Allen, 19603
Iversen and Idyll, 1960; Iversen and Jones,
19613 Costello, 1963; Kutkuhn, 19665 Knight,
19663 MoCoy and Brown, 1967),

3044 Vetabolism

Steed and Copeland (1967) reporied that
the metabolic rate of pink shrimp in sea
water, as measured by oxygen oconsumpbion,
is lowsr than that of browa shrimp, When
the animals were exposed to peirochemical
waste, however, the metabolic rate of pink
shrimp inoreased, and that of brown shrimp
deoreased,

Osmotic regulation in pink shrimp is
influenced by temperature (Williamﬂ, 1960),
Pink ghrimp adjust rapidly to salinity ohanges
in a normal range of temperatures, but at
lower temperatures, regulation is more
diffioult,

3,5 Behaviour
3,51 Migrations and looal
movements

The larvae of pink shrimp are planke
tonic and move vertically in the water
column, generally ascending at night and
descending in the daytime (Jones gt al.,
in press), Ae age inoreases, the larvae
move farther from the bottom.

For migrations of larvae as related to
ourrents, see seotion 2.3,

Migrations of postlarvae also are
effeoted by ourrents. In south Texas,
most postlarvae migrate into the bays
“when the bays are being refilled after
previour seasonsg of low water! (Copeland
and Truitt, 1966), Migration into the
nurgery grounds of south Florida is on the
flood tides (Tabb, Dubrow and Jonem, 1962;
Idyll and Jones, 1965). According to
Hughes (19692), tidal transport of postlarvae
may be initiated by the ovganisms' response
to tidal salinity changes,

In the Bverglades National Park, juven-
iles migrate usually at night on the ebbing
tides (Idyll, Iversen and Yokel, 1964),
Purther observations in the same area were
made by 1dyll, Iversen and Yokel (1966),
who reported, "periods of high relative
abundance occur in spring, summer and early
fall, bub ... inter~yesr varistion is
oongiderable,” These authors noted that
the smallest shrimp usually appear when
relative abundance is highest,

Several faotors may cause migration
of pink shrimp, Tabb, Dubrow and Jones
(1962) saggested that juveniles move %o
egcape unfavourable gonditions such as
sudden reduotions in water temperature and
salinity. IExtensive movements from the
estuaries to the offshore grounds take
place as maturity approaches. These move=
ments apparently are breeding migrations
(Broad, 1951; Allen, 1966), Tabb and
Jones (1962) suggested that a hurrioane
oauged shrimp to move from south Florida
estuaries to the offshore grounds earlier
and at a smaller size than usual,

Juvenile shrimp from the Everglades
National Park migrate to the offshore
Tortugas grounds (Iversen and Idyll, 1960
Cobtello and Allen, 1966), Observations on
the timing and direction of pink shrimp
migrations from south Floride estuaries %o
the Tortugas and Sanibel grounds were made
by Costello and Allen (1966), who reported
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that juveniles spend from 2 to 6 mo in the
nursery areas before migrating offshore, Thege
investigators noted that some marked shrimp
$raveled at least 277 km before recovery on
the offshore grounds, and although migration
routes were broad, shrimp that left particular
seotions of the nursery grounds demonstraied
distinot distributional patterns on the
offshore grounds, Onoe they reached the
offshore grounds, the shrimp generally oontinued
to move into deep water (Iversen and Idyll,
19603 Costello and Allen, 1966).

Migration of pink shrimp in ¥orth Carolina
waters was reported by MoCoy and Brown (1967).
Movement out of the estuaries spparently was
influenced by tide, In the ocean, migration
was southward along the ooast,

(See also 2,21 and 3.23,)
3.52 Sohooling

The movements and oatohes of the shrimping
fleet indicate that, at times, pink shrimp
may sohooli sohooling may be by size.

Stooks of pink shrimp probably mix
frequently, Costello and Allen (1966)
reporied some overlap between stooks of the
Tortugas and Sanibel grounds, Florida,

They stated, however, that "Apparently,
Tortugas shrimp do not migrate to the Sanibel
grounde and wigration from the Sanibel to %he
Tortugas grounds is minimal."

Pink shrimp are taken frequently in trawl
oatches with several other gpeoies of shrimp.
Williams (1955) observed %hat in North
Carolina, the seasons during which white
shrimp, brown shrimp and pink shrimp appeap
in the nursery grounds are fairly distinoty
hewever, there is some mixing of postlarvas,
Adulds mix wherever they oocur in the =mame
general area, ’

Vertioal movements of pink shrimp were
reported by Costello and Allen (1968), who
observed shrimp in dense sohools "near the
surface at night." Concerning night-time
vertiocal movements of migrating juveniles,
Beardsley and Iversen (1966) stated: “An
average of about 91% of the shrimp caught
on full moon tides were taken on or olose to
the surfaoce; only about 75% were oaught in the
surfaoe layers during new and gquarter moon
tides,®

3,93 Responses to stimuli
Environmental stimuli
Pink shrimp burrow into the substrate as

"a proteotive measure against predators and
adverse environmental conditions" (Fuse and

Ogren, 1966), In the laboratory, they
have buried in sand to a depth of 15.3 om
(Eldred et al,, 1961)., The depth of
burrowing may be influenoed by shrimp sige
(Fuss, 1964), and bottom %ype (Williams,
1958),

The response of pink shrimp to light
may vary with shrimp size or with light
intensity (Puss and Ogren, 1966). Larvae
held in aquaria are positively phototrophio
(Ewald, 1965). In a natural environment,
however, the larvae migrate vertioally
away from the waiter surfaoe during the
day (see 3.51), Juveniles respond pogi~
tively +to moonlight by moving to the watber
surface on the ebb tide (Beardsley, in press).
Ordinarily, adults are buried in the sub-
strate during daylight and are active at nigh%
(various authors), but juveniles and adulis
may be aotive by day under conditions of
low light level (Eldred st al., 1961),
Juveniles, moreover, tend to be more aotive
than adulis in the daytime (Eldred et al,,
19614 Fuas and Ogren, 19663 Hughes, 1968),
Fuss and Ugren (19663 considered burrowing
aotivity a direct effeot of light at the
time of thé burrowing., Wiokham (1967) and
Hughes (1968), however, presented evidenoce
that diurnal activity of juveniles and
young adults 1s influenced parsly by
previous light-intensity experience,

Under laboratory conditionsy juvenile
shrimp showed nocturnal activity peaks
that probably were related to tidal rhythm
(Wickham, 1967), Aotivity of juveniles’
also may be affeoted by water movement and
water height (Wiokham, 1967), and %that of
juveniles and adults by feeding (Hughes,
1968), Hughes (1969a) found that salinity
affected the tide-assocoiated movements of
postlarval and juvenile pink shrimp,

Tabb, Dubrow and Jones (1962) observed
that the oxygen depletion and buildup of
hydrogen sulphide that followed & hurrioane
oaused pink shrimp to swim at the water
surface in full sunlighi,

See 2,3 for responses %o salinity and
ourrenits, and 2,3 and 3.16 for effeots of
temperature,

Artifioial stimuli

Burrowed pink shrimp responded to
mechanical stimulation of their dorsal
body surfaces by burrowing deeper into the
substrate (Fuss, 1964)., Continued agitation
of the dorsal surfaoes or stimulation of the
animals® sides caused the shrimp %o hop
vertioally out of the substrate,

Photo~orientation of juvenile and young
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adult shrimp was studied by Jachowski and
Myrberg (1968). The shrimp were attracted
more frequently toward light thanr toward
darkness, end toward higher intensities and
longer wevelengthe than toward lower intensi-
tion and shorbe? wavelengths. Meximum
artitficial photomoctivation of jJuveniies and
young adults was during the full moon, min-
imum during the new moon {Aaron and Wisby,
1964), Photoactivation and phototaoctic
drive varied with shrimp size but not with
BeX,

Fleotrical stimulil

Pink shrimp, mostly adult, subjeoted %o
interrupted direct current; responded hy
flipping, tail first, toward the anode
(Higman, 1956), This galvanotazic reacgiion,
af'feoted by shrimp size and position, pulse
width and wabter temperature, causes pink
shrimp %o hop from their burrows (Kessler,
1965), The intensity of the reaponse lessens
whzn)th@ shrimp is shooked repeatedly (Nelson,
1962),
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4 POPULATION
40,1 Structure
4,11 Sex ratio

Saloman (1965) reported a sex ratic of
about 1:1 after examining 11,695 juvenile
pink shrimp from Tampa Bay, Florida, Idyll
{1964) also reported a sex ratic of about
131, but he noted (as did Broad, 1951) +that
the ratio may vary with smeason and size of
shrimp,

© 4612 Age ocomposition

Age oomposition of the commercial catoch
varies with recruitment; migration, mortality
and praotiocesg of the fishing fleet,

Age at various life siages can be estima-
$ed with size-age conversions provided by
Kutkuhn (1966), The youngest pink shrimp
for commercial use are captured in the bait
shrimp industry., These shrimp are about
6 wk old, sinoce Saloman (1965) has reported
bait shrimp marketed as small as 47 mm total
length, Male and female shrimp that reach
gexual maturity at 75 and 85 mm total length,
respectively (Eldred et al., 1961), may be
9 or 10 wk old. Xutkuhn (1966) gave 15 wk
{307 mm total length) as the age when shrimp
are first recruited to the Tortuges fishery,
whers they have a fishable life span of about
68 wk, He also estimated 83 wk as the
average maximum age, Absolute maximum age is
not known, but Eldred et al. (1961) suggested
that specimens 200 mm total length may be
2 yr old or more,

4,13 Size composition

Size composition wvaries similarly to age
composition, (See 4.12.)

It is generally true that small, immature
pink shrimp live near shore, and large, mature
individuales offshore. 8ize increases with
depth of water (Iversen, Jones, and Idyll,
1960). Shrimp caught in Tampa Bay, Florida,
ranged from 11 (Eldred et al., 1961) to 144 mm
total length (Salomsn, 1965). On the Tortugas
grounds, however, shrimp ranged from about
49 %0 230 mm totel length {Iversen, Jones
and Idyll, 1960),

8ize composition also varies seasonally.

In Tempa Bay, the smallssi average size (about
31 mm %otal length) was in the summer and the
largest (@bout 82 mm total lengith) in the

late spring (Eldred et al., 1961), Length~-
frequency daie from the Tortugas fishery
{Wheeler, Benton snd Hudson, 1965) showed

that ghrimp with the smallest average sizes
(about 95 mm total length) were omught in

April and the largest omes (about 140 mm
total length) in September.

The gize composition of ocaptured pink
shrimp is affected by the time of day that
fishing is done, In Tampa Bay, the largest
shrimp were caught at night (Eldred et gl
1961; Saloman, 1968),

Conversions of size measurements were
given by Kutkuhn (1962), Xuikuhn (1966),
and Fontaine and Neal (1968), Formulas
for the total length-total weight relation-
ship in pink shrimp are as follows:

female, w = 5,06 x 10“@5 3°12§
male, ¥ = 4,49 x 1076g 313 (Kutkuhn, 1966),
(see 3.11, 3.12 and 4.12)

4,2 Abundance and density of
population

4,22 Changes in gbundance

Fighing effort and practices are
variable, but in certain areas; such as the
Tortugas grounds, landings may reflect
actual changes in abundance, Monthl
changes in sbundance by area (Pig. %),
were compiled from Fishery Statistios of
fhe United States (United States Bureau of
Commercial Fisheries) and Kutkuhn, 1962a,
Annual landings by United States vessels
are listed in Teble I, For areas of ocapture,
ses Fig, 2,

Seasonal and geographic changes in
abundance as well as annual fluctuations
may resuli from varying oceanographioc
gonditions. (See 2.3, 3,16 and 4.33.)

The exploitation of newly recruited
shrimp may affeot asnnual yields in the
Tortugas fishery (Kutkuhn, 1962a),

Annual lendings from the Tortugas
grounds showed "No marked changes or trends:
s’ from 1951 to 1965, although they
fluctuated from year to year (Berry, 1966).

4.24 Changes in density

Kutkuhn (1962a) found thet catch-per—
wnit intensity values were highest in the
Tortugas fishery in the late autumn and
lowest in the spring, He noted a downward
trend in the Tortugas annual population
from 1956 %o 19%9, but a population buildup
from 1956 to 1958 for the Apalachicola
(Florida) area, followed by a decline in
1959,

On the Tortugas grounds, shrimp are
most dense in the shallowest waters and
least dense in the deepeat waters (Lindner,

1966)
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4,3 Hatality and reoruitment

4,31 BReproduotion rates

For survival ratesm of larvae, see 3,22
and 4,41,

4:32 TFaotors affeoting reprodustion
See 2a3 and 3016«)
4,33 Recruitment

For reoruitment of postlarvae to the
estuaries, see 2,21,

The relative abundance of juveniles
emigrating from Bverglades National Park can
be positively correlated with the subsequent
commeroial oatoh on the Tortugas grounds
{Yokel, Iversen and Idyll, 1969),

Migration studies (Comtello and Allen,
1966) indicate that young adult shrimp are
reoruited to the Tortugas fishery year around,
Meximum reoruitment is in the spring and
autumn (Berry, 1966), In more northerly pink
shrimp fisheries, reoruitment is geasonally
more restricted (Figi 5).

For faotors that influence reoruitment,
BGG 2a39.3n169 30349 3043y 3.51 and 4,42,

4.4 HMortality and morbidity

4,41 Hortality rates

Hortality rates for the larvas of pink
shrimp have been esiimated as a nearly constant
17 percent per day (Munro, Jones and Dimitriou,
1968), Only = small peroentage of the labvae
produced survive $o beoome juveniles,

Estimates of mwortality in adult populations
ers based on daita from mark-recovery experie-
ments end, in one mtudy {(Berry, in press), on thae
degline in abundanoe of age groups. In the
estimates in Table I, derived from experi=-
mente performed in waters off south Florida,

Z ip the instantaneous total mortality
ovafficient; P is the instanitansous cowfficient
of mortality caused by fishing; and X is the
tastantaneous soeffiocient of other losses

in the merking theory, inoluding true natural
mortality (M) plus losses of individualsm

which for any rsason beoome unavailable for
regapture,

4,42 TPaotors causing or affeoting
mortality ‘

Cauges of mortalliy are varied. Period-
ioally, large numbers of pink shrimp peris’
28 & result of hurricanes (Tabb and Jones,
1962), Ccoasionally, ved tide (marine
water whioh is toxlc due to excessive
ooncentrations of the dinoflagellate,
Gymnodinium breve) oasuses mass mortality of
pink shrimp (Cunter, Smith and ¥Williams,
1947},

4,43 Tactors affeoting morbidity
(Ses 2,3 and 3.35,)

4.6 The population in the community
and the ecosystem

The optimum habitat for pink shrimp
varies with shrimp size (Hldred, 1962},
Young shrimp prefer quiet, clear, shallow
waters and firm substrates, with protective
growth such as turtle grass (Viosca, 1957).
Aocording %o Hoese and Jonez (1963),
characteristic associates of juvenile ghrimp
in a south Texas turtle grass community
weres rainwater killifish, Lucanis parvas
mo jarra, Gerres cinereus; pinfish, Lagodon
rhomboides; goby, Uobiosoma robustumj mud
crab, Neopanope texana; and grass shrimp,
Palaemonetes pugic,

Advlt shrimp typleally inhabit offshore
waters that have no seagrasses, The Ffaunal
agsociates of adult shrimp on the Campeche
grounds in the 11~ to 29-m depth included
the followings fighting sonsh, Strombus
alatus; West Indian chank, anouz angulatuss
portunid arab, Pertunus spinimanus; radmouihe
ed grant, Hathysioma surolinestum rimator:
and porgy, Stenotomus caprinus (Hildebrand,
1955), (See algc 2.2 and B354}
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5:1

5 BXPLOITATION

5.1 Fishing equipment

511 Gears

The fishing gears used in estuaries or
in relatively shallow near~shore waters to
capture young pink shrimp for bait or food
vary regionally, In North Carolina, fishermen
uge otter trawls (Broad, 1951a) and channel
nets (Guthrie, 1966), Another type of channel
net is used in Florida (Higmen, 1952)., Also
uged in Florida are pushnets (De Sylva, 1954),
dipnets (Iversen and Van Meter, 1964; Joyce,
1965), bridge nets (Higman, 1952), and roller
frame trawls (Woodburn et al., 1957; Tabb,
1958), On the Yucatén Peninsula, Mexican
fishermen use beach seines and traps (Idyll,

1964).

In the shallow water United States
fisheries; most pink shrimp are caught with
roller frame trawls. These itrawls usually are
gonegtructed of iron pipe and rods and have
restangular openings 1,8 to 3.0 m wide and
61 to 77 om deep. The bottom parts of the
frames serve as attaohments for trawl nets
that terminate in cod ends similar to those
used on small otter trawls., This gear is
effective .in grassy areas in shallow water.
The rollers (about 127 mm in diameter) move
over the seagrass without uprooting ity and
rekes, built on the frames, prevent large
objeots from entering the frame mouths,

(Otter trawls used in grassy areas soon fill
with uprooted grass and are ineffective,)
Roller frame trawls used to catch live shrimp
for bait are emptied aboui every 10 to 15 mine

Otter trawls are the principal gear
fished in desp water., The trawls used in the
United States have been described by Bullis
(1951), Knake, Murdoock and Cating (1958), and
Robas 31959)0 The mesh size of the cod end
of the trawling gear used inshore is typioally
25,4 to 41l.4 mm stretoh measure, whereas the

mesh size of that used offshore is usually 50.8

to 57,2 mme Thread sizes range from about
36 to 48 in the cod ends, and from 12 to 18
in the body and wings of the trawls, Doors
of the otter trawl very with trawl size and

' vessel horsepower. Until about 1957, single
otter trawls with openings 24 to 31 m were
used in the United States, but at present,
most vessels fish two otter trawls, each
opening 12 to 14 m, Also, a third, small
otter trawle- the trynet—~ is fished to
determine the density and size of shrimp at
a partioular loocation, If it produces good
catches, the large nets are lowered. Trawls
are dragged aboul 3 h at & speed of 2 %0 3 kn
(3.7 40 5.5 lkm/h) and then taken eboard, emp-
$led and reset.

Fishing for pink shrimp is usually at
night, because these animals typically are
buried in the boittom during the day,
Recently, trawling gear was developed
that employs an electriocel field which
cauges pink shrimp to leave their burrows
(Pease and Seidel, 1967) and enables
fishermen to %take shrimp in daylight,

Descriptions of various types of
shrimping gear were given by Dumont and
Sundstrom (1961).

5,12 Boats

Shrimp boats range from 4-m skiffs
powered by outboard motors to 34-m vessels
with a gross weight of 118 metric toms
powered by 360 hp diesel engines,

Most vessels used in shallow waters
have wooden hulls and shallow draft and are
less than 15 m long. They are powered by
engines that burn either diesel or gasoline
fuel; most engines are 140 hp or less,

Typical shrimp trawlers used offshore
are 18 to 21 m long, are powered by a diesel
engine of 200 to 300 hp, and have a gross
weight of about 61 metric tons, Hulls are
usually wood, but now steel hulls are being
built and are recommended especially for
boats longer than about 18 m; These boats
generally have a single propeller and in-
corporate & 3~drum winch with a power
takeoff from the main engine %o handle -the
otter trawls and trynet, The development
of large vessels with more power has been
necessary to accommodate the double-rig
trawls and large otter trawls now in uss,

Most shrimp trawlers are of conventional
hull design; although at least one catamaran,
(double hull) shrimp trawling vessel, 21 m
long, was launched and used in the Gulf of
Mexico, Aluminum hulls and fibreglass
reinforced hulls may be used in the near
future (Captiva, 1967).

Ringhaver (1960) described the design
and rigging arrangements of shrimp trawling
vessels,

5.2 Fishing areas

5021 General geographio
distribution

Pink shrimp are fished throughout most
of their range, Williams (1965) observed,
however, that pink shrimp are not uniformly
abundant and that fisheries are “conocentrated
at diverse points.”
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Fishing areas are shown in Fig, 2, Ma.jor
fisheries for bait or food shrimp in estuaries
or shallow inshore waters are in North Carolina,
Florida, and Campeche,Mexioo {land areas 238
and 3115 (Burkenroad, 1949; Woodburn et 2l.,
19573 Idyll, 1964; Joyose, 1965; Costello and
Allen, 19665. The major offshore fisheries
are off North Carolina, the Florida west ooast,
Alabama, Mississippi, and Campenhe (land areas
238, 235, and 311) {Broad, 1951; Kutkuhn,
1962a), By far the largest pink shrimp fisher-
ies are the Tortugas fishery off the southwest
ooagt of Florida and the Campeohe fishery off
the west ooast of the Yuoatdn Peninsula {Kutkuhn,
1962a),

50,22 Geographio ranges

The distanoe of fishing areas from the
ooast varies throughout the pink shrimp range
and with the type of fishery, Bait shrimping
often takes plaoce a few meters from shore,
The Tortugas fishing grounds, however; extend
from gbout 83 to 222 km from the mainland
coast (Comtellc and Allen, 1968),

5.23 Depth ranges

Depths in which pink shrimp are caught
vary regionally and with the type of fishery.
Bait shrimp are taken in waters a8 shallow
as 0,5 m and most adult shrimp are caught in
waters between 9 and 60 m,

{See 2.22,)
5024 Conditions of the grounds

Offshore shrimp grounds are usually
areas of smooth bottom suitable for trawling.
In the eastern Gulf of Mexioco, they "are
oharaoterized by sand, shell and ocoral gravelj
and by live ooral overlying white, gritty,
caloareous mud" (Springer and Bullis, 1954).
Typically, the bottom on the Tortugas grounds
ig silt and mud, with 20 to 25 percent white
coral sand (Idyll, 1964). The Tortugas and
Campeche grounds have dead shell and patohes
of ooral and sponge (Springer and Bullis,
19545 Hildebrand, 1955),

For oonditions of the estuarine and
inshore fishing grounds, see 2,3,

503 Fishing seasons

5.31 General pattern of seasons

Fishing seasons vary with the type of
fishery and with geographioc losation., In
North Carolina estuaries, juvenile pink
shrimp are oaught for food during May, June
and July (Burkenroad, 1949)., In south Florida
estuaries, suoh as Bisoayne Bay, juveniles
are taken for live bait throughout the year
(Saloman, Allen and Costello, 1968), Here,
peak oatoches are in the winter and spring
(Weloh, 1965; Jones and Smith, 1966),

Seasonal variations in offshore
fisheries for adult pink shrimp are shown
in Fig, 5. Off North Carolina, South
Carolina, Georgia, and northeast Florida
(South Atlantio fishery), shrimp are taken
from April to Deoember; oatches are greatest
in June and October, Off southwest Florida
(Sanibel-Tortugas grounds), the fishing
season is year around, and oatches are
highest in the winter and epring. The
fishery near Apalaochicola, Florida, is from
March %o August with greatest oatohes made
in Mey., In the Pensacola~Mississippi River
area, shrimp are taken from April to August
and peak landings are in June. The Obregon-
Campeohe grounds produoe large quantities
of shrimp throughout the year with peaks
in the winter and early summer,

5.4 Fishing operations and rvesults

5041

The unit of effort in United States
otter trawl fisheries for pink shrimp is
designated "days fished"., This unit,
representing 24 h of fishing effort, i»
used by the United States Bureaun of
Commeroial Fisheries in their statistioal
reports for uniformity in tabulation of
data,

Effort and intensity

Fishing effort also is reported by
the United States Bureau of Commeroial
Fisheries as the number of trips made by
commeroial fishing vessels in a given time
period. Landings per uait of Tishing effort
may be oaleculated from U.S. «tatistiocal date
beoause landings and effort are repv. ™
for speoifio areas, A few reports deal wits
oatohes per unit area, or both,

The following tabulation, abridged from
Kutkuhn (1962a), shows offshore fishing
effort in the (Qulf of Mexioco primarily for
pink shrimp, The units represent the
numbers of 24 h periods fished,

1956 1957 1958 1959
Sanibel-Toriugas 17,519 17,356 20,690 17,098
Obregon-Campeohe 22,236 21,491 16,899 19,709
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5¢3

Mshing effort and intengity vary beoause
of shrimp aveilability, size of shrimp, market
price, weather gonditions, vessel efficienoy,
and regulatory measures (Iversen and Idyll,
19594 Iversen, 19623o In addition, effort
is affscted by: (1) seasonal changes in the
number of hours of darkness; (2) ohanges in
mooun phase, i,e., fishermen report poorer
catohes when the moon is full than when it is
waning or waxing; end (3) changes in amount
of jellyfish (Aurelia mp.) or algae, io®.,
excessive amounts clog nets {Iversen and Idyll,

19597,

During the period 1950-59, fishing
effort inoreased on the Tortugas grounds but
total catoh "remained fairly constant®
(Iversen and Jones, 1961), Available
information suggests a decline in the catch
peyr unit of effort during this period.

5.42 Seleotivity

The selectivity of various sizes of trawl
mesh in catching pink shrimp was reported
by Regan, Idyll and Iversen (1957)., They
reporied ssoapement of pink shrimp through
cod ends of varying mesh sizes 28 shown in
Table LIX,

Berry and Hervey (1965) wtudied the
seleotivity of various mesh (mtretched) sizes
ag applied to Gulf of Mexico shrimp (speoies
not given) and suggested that, becanse large
megh inoreases fishing power, "the catch of
large shrimp by nets with 2V2- and 3~in [63.8-
and 76.2-mif] meshes should be approximately
15 and 20 percent greater than the catch by

1¥2- or 2- in [38,1~ or 50.8—mﬁ] mesh
nets,,.trawls with large meshes throughout
will permit some marketable shrimp to esoape
and therefore could profitably be used only
in certain situations,"

Market preferenoce affeots the sizes of
pink shrimp retained by fishermen in some
areas, On the Tortugas grounds in 1963,
approximately 11 percent of the total ocatch
(by weight) was not landed because the shrimp
were too small for the market (Wheelew,
Benton and Hudson, 1965). Discarding
declined from 1963 to 1966, apparently be-—
sause of the inoreased value of the small
shrimp (Berry and Benton, 1969),

5.43 Catches

Monthly and annual reocords of catchas
of bait shrimp (mostly pink shrimp), although
not complete, are given in Summary of Florida
Commercial Marine Landings, which is publishe
ed annually by the Florida Board of Uonsen~
vation.

Total annual yields of pink shrimp in
the offshore waters of the United States
are given in Fishery Statistios of the
United States, published by the United
States Bureau of Commercial Fisheries,
Table I lists annual lendings of pink
shrimp by United States vessels., A com-
parizon of yields from different sreas ls
shown in Fig, 5,
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TABLE IIX

Escapement of pink shrimp through cod ende
of varying mesh giges

Mesh sizel in Shrimp size Escapement
cod end (mm) (number of tails through cod
per pound?®) end (percent)

44,5 110 10

83 5

51 0

50.8 110 50

83 10

51 0

57.2 83 30

51 10

33 0

63.8 83 40

51 15

33 5

1  Measurement between the midpoints of knots (stretched mesh)

2 1 pound equals 0.45 kg
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631

6 PROTECTION AND MANAGEMENT

6.1 Regulatory (legislative) measures

60,11 Limitation or redustion of
total catoh

The efficlency of gear fishing for pink
ahpimp hag been vonitrolled in gertain Florida
figheries. Limits are placed on the pize of
$rawling gear used to take live bhait shrimp,
This regulation limits the total catoh in
BOME RAYEaIe

6,12 Protection of portions of
population

The usefulness of certain laws to protect
small ehrimp is the subjeot of sgome contro-
versy. For example, & 1956 Florida regulation
placed limitations on the mesh size of ocod
engn of irawls used on the Tortugas grounds,
but the regulation was later withdrawn (Idyll,
1957)s Another Florida regulation is a "size-
1imit" law designed fto prohibit the taking
of undersized pink shrimp in the Tortugas
arves, Lindner (1966) reviewed the probiem

of regulations applying to pink Shrimp anh
recommended that the gigze~limit law be
repealed. He observed that "The sige
distribution of cur shrimp on the fishing
grounds ie such that size limits cause more
waste than benefit.”

Regulations specifying a sanotuary for
small pink shrimp were applied in & seotion
of the Tortugas grounds in 1957, The area
ig olosed to trawling when it is determined
that shrimp smaller than 50 to the pound
(0,45 kg), heads off, predominate in the ares.

In the United States, regulations that
apply to commercial shrimp close oertain
areas at specified seasons in States bordering
the Gulf of Mexico, and in Georglia and the
Carolinas,

Generally, no restrictions are placed
on the use of pink shrimp. For ths fishery
in Biscayne Bay, Florida,; however, & regul-
ation specifies that shrimp are to be baken
only for use as live bail,
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i POND CULTURE

Pond oultivation of pink shrimp is just
veginning and information on the oulture of

this speoies is socaroce, Information on oulture

of related shrimp speecies is provided by Cook
and Lindner (1970), and Lindner and Cock
(1970).

7.1 Proourement of stocks

Ewald (1965) oaptured large, ripe female
pink shrimp on the Tortugas grounds with a
trynet to obtain spawning stook, The shrimp
wore transported to the laboratory in plastio
garbage oans,

7.3 Spawning (artifioial, induced,
natural)

Laboratory spawning of shrimp oapiured
on the Tortugas grounds wasg desoribed by
Ewald (1965): YAt the laboratory, individual
shrimp were plaoed in 15-gallon running
geawater aquaria. Spawning, if it ocourred,
was within two days after return to the
laboratory and always in the very early hours
of the morning, Water temperature in aquaria
at times of spawning was 27° and 29° ¢, The
eggs, being demersal, settled to the bottom
of the aquaria. They were present in such
great numbers that they were visible to the
naked eye and appeared like fine, white
powders"

7.4 Holding of stook

Bwald (1965) held larval pink shrimp
individually in gompartmented plastio boxes,
Survival was batter in Gulf Stream water
goceanio) than in Biscayne Bay water

estuarine), Survival was best and devel-
opment time leas?t at & water temperature
of 26° ¢,

Costello and Allen (1959) held pink
shrimp in a gmall salt-water pond with a
sand=mud bottom for 3y2 mo while the shrimp
grew from juvenile to adult size.

In a later experiment,; juvenile shrimp
were held in the same pond at water tempera—
tures ranging from 26° to 330 € and salin-
itz grom 27 %o 36°/oo (Costello and Allen,
1961),

7.6 TFoods; feeding

Ewald (1965) provided a mixture of
several unicellular algse and a marine yeast
as food for early larvael stages of pink
shrimp, The last mysis stage and early
postlarvae were fed nauplii of brine shrimp
(Artemia).
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